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METHOD OF INCREASING LEAN BODY MASS AND 
REDUCING BODY FAT MASS IN INFANTS 



FIELD OF INVENTION 

The present invention relates to a method of increasing lean body mass and reducing body 
fat mass in infants by feeding the infants a nutritional formula containing docosahexaenoic acid 
(DHA) and arachidonic acid (ARA). 

BACKGROUND OF THE INVENTION 

Long chain polyunsaturated fatty acids such as docosahexaenoic acid (DHA) and 
arachidonic acid (ARA) are well known for use in infant nutritional formulas, commercially 
available examples of which include Similac® Advance® Infant Formula and Isomil® Advance® 
Infant formula, both of which are available from Ross Products Division, Abbott Laboratories, 
Columbus, Ohio, USA. 

It is well known that ARA and DHA are the predominant long-chain polyunsaturated 
fatty acids in the central nervous system, and it is believed that an adequate dietary supply during 
infancy is necessary to support optimum neurodevelopment. For example, numerous 
investigations have been published which indicate that both visual acuity and neurocognitive 
development are enhanced in preterm infants fed formulas supplemented with ARA and DHA. 

It is also generally known that metabolites of the long-chain polyunsaturated fatty acids 
(i.e. DHA, ARA and eicosapentaenoic acid [EPA]) are important biomediators that can impact 
growth and body composition through diverse mechanisms. The levels and ratios of these fatty 
acids in the diet can influence cell membrane properties, cell-to-cell signalling processes, the 
expression of genes that regulate cell differentiation and growth, and the synthesis of eicosanoids 
that affect bone metabolism. Animal studies have been conducted and published which suggest 
that long-chain polyunsaturated fatty acids in the diet can affect both fat mass, fat distribution, 
and bone metabolism. There is insufficient information, however, regarding the effects of dietary 
long-chain polyunsaturated fatty acids, especially ARA and DHA, on body composition in 
neonatal (infant) animals or in humans. 

In studies with adult rodents, for example, diets highly enriched in the long-chain n-3 fatty 
acids, DHA and EPA, from fish oil with no ARA have been associated with lower body fat when 
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compared with diets rich in saturated fat (e.g. lard, MCT oil) or polyunsaturated fatty acids such as 
linoleic acid (e.g. com oil). Other studies with adult rats fed diets similarly enriched in DHA and 
EPA with no ARA had preferential partitioning of ingested energy toward oxidation at the 
expense of storage, reduced fat mass, decreased fat cell trophic growth, altered expression of 
genes involved in adipose tissue metabolism, including lipoprotein lipase activity, increased 
peroxisomal beta-oxidation, reduced adipocyte cell volumes, increased visceral fat hypertrophy, 
and altered regulation of leptin. 

In a published study of preterm infants fed formulas containing DHA and EPA at less than 
0.3% of calories for about five months after hospital discharge, it was noted that infants grew 
slower and had lower fat-free mass, but fat mass was not different than in infants fed the 
unsupplemented control formula. Others subsequently found that preterm infants fed formulas 
containing DHA and EPA and ARA or formulas with DHA and ARA did not have slower growth. 

It has now been found, however, that infants fed infant formulas containing DHA and 
ARA, in contrast to the DHA and EPA (no ARA) enriched animal diets referenced above, had an 
increased lean body mass and a reduced fat body mass as compared to those fed the control 
formula, all without an effect on the rate of overall growth of the infants. 

It is therefore an object of the present invention to provide a method of providing infant 
formulas supplemented with ARA and DHA wherein the method provides increased lean body 
mass and reduced fat mass as compared to a control formula, as applied to both term and preterm 
infants, without having an impact on overall total growth in the infant. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method of increasing lean body mass and reducing fat 
body mass in infants, said method comprising administration to an infant, term or preterm, a 
nutritional formula comprising a source of DHA and ARA. It has been found that the 
administration of DHA and ARA, or a suitable source thereof, in infants can increase lean body 
mass and reduce fat body mass, when compared to an unsupplemented control formula, without 
having an impact on overall total growth in the infant This method is especially useful in preterm 
infants. 
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BRIEF DESCRIPTION OF THE DRAWING 

Figures 1A and IB illustrate some of the clinical data described hereinafter, including 
lean body mass (Figure 1 A) and fat mass (Figure IB) at 35 and 40 weeks CA (corrected age), and 
at 4 and 12 months CA, in preterm infants fed formulas containing a combination of DHA and 
ARA or an unsupplemented control formula. Data points represent least squares means adjusted 
for gender, race, body weight and human milk intake. At 12 months, lean body mass was 
significantly greater (p<0.03), and fat mass significantly less (p<0.01) in infants fed formulas 
supplemented with DHA and ARA with either the fish-fungal (DHA+ARA[FF]; open triangles) 
or egg-fish (DHA+ARA[EF]; open squares) oils compared with infants fed control formulas 
(closed circles). 

DETAILED DESCRIPTION OF THE INVENTION 

The method of the present invention comprises the administration to an infant of a 
nutritional formula containing a source of both DHA and ARA. These and other essential or 
optional characteristics of the method of the present invention are described in detail hereinafter. 

The term "infant" as used herein includes children up to one year corrected age (CA), and 
includes infants from 0 to about 4 months corrected age, infants from about 4 to about 8 months 
corrected age, infants from about 8 to about 12 months corrected age, low birth weight infants less 
than 2,500 grams at birth, and premature infants born at less than about 37 weeks gestational age, 
typically from about 26 weeks to about 34 weeks gestational age. 

The term "corrected age" or "CA" as used herein is used to standardize preterm infants to 
their full term peers for purposes of comparing their growth and development. For example, a 
preterm infant bom 8 weeks prematurely reaches "term corrected age" at approximately 2 months 
chronological age, and at 6 months chronological age may developmentally be equivalent to a 4 
month-old term infant. The "catch-up" goal is to achieve a developmental status more like that of 
chronological-age peers. 

The term "lipid" as used herein, unless otherwise specified, means fats, oils, and 
combinations thereof. 

The terms "infant formula" and "nutritional formula" are used interchangeably herein and 
refer to nutrition compositions designed for infants, which preferably contain sufficient protein, 
carbohydrate, lipid, vitamins, minerals, and electrolytes to potentially serve as the sole source of 
nutrition when provided in sufficient quantities. These formulas, therefore, can be used to provide 
sole, primary, or supplemental nutrition for the intended infant or infant population. 
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All percentages, parts and ratios as used herein are by weight of the total composition, 
unless otherwise specified. All such weights as they pertain to listed ingredients are based on the 
active level and, therefore, do not include solvents or by-products that may be included in 
commercially available materials, unless otherwise specified. 

Numerical ranges as used herein are intended to include every number and subset of 
numbers contained within that range, whether specifically disclosed or not Further, these 
numerical ranges should be construed as providing support for a claim directed to any number or 
subset of numbers in that range. For example, a disclosure of from 1 to 10 should be construed as 
supporting a range of from 2 to 8, from 3 to 7, 5, 6, from 1 to 9, from 3.6 to 4.6, from 3.5 to 9.9, 
and so forth. 

All references to singular characteristics or limitations of the present invention shall include 
the corresponding plural characteristic or limitation, and vice versa, unless otherwise specified or 
clearly implied to the contrary by the context in which the reference is made. 

All combinations of method or process steps as used herein can be performed in any order, 
unless otherwise specified or clearly implied to the contrary by the context in which the referenced 
combination is made. 

The method of the present invention can comprise, consist of, or consist essentially of the 
essential elements and limitations of the invention described herein, as well as any additional or 
optional ingredients, components, or limitations described herein or otherwise useful in nutrition 
formula applications. 

Arachidonic acid (ARA) and docosahexaenoic acids fPHA) 

The method of the present invention comprises the feeding or administration of 
nutritional formulas to infants, wherein the formulas comprise a combination of arachidonic acid 
(ARA) and docosahexaenoic acid (DHA). 

Arachidonic acid (ARA) and docosahexaenoic acid (DHA) for use in the method of the 
present invention can be provided by any source suitable for use in an infant formula. 
Arachidonic acid is an organic carboxy lie acid having a chain length of 20 carbons and 4 double 
bonds beginning at the sixth carbon (20:4 n-6). Docosahexaenoic acid is likewise an organic 
carboxy lie acid but has a chain length of 22 carbons with 6 double bonds beginning with the third 
carbon from the methyl end (22:6 n-3). Non-limiting sources of ARA and DHA include fish oil 
(providing DHA and EPA), egg derived oils (providing ARA and DHA), fungal oil (providing 
ARA), algal oil (providing DHA), and combinations thereof. 
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The concentration or amount of DHA and ARA in the formulas for use in the method of 
the present invention includes any quantity known for or otherwise suitable for use in infant 
formulas, embodiments of which are described the following table. 

Table 1 - DHA and ARA Content in Infant Formulas according to the Method herein* 





1" embodiment 


2 nd embodiment 


3 rd embodiment 


percent total fa 






ARA 


0.2 - 1.0 


0.35-0.7 


0.4 - 0.5 


DHA 


0.1 - 1.0 


0.1 -0.36 


0.1 -0.3 


gatty,acidmg|. 


100 kcaLfomiulai - M ? 

i- .•aw.-ssriws--^:- ..,•» ;w 






ARA 


10-50 


18-36 


20-25 


DHA 


3-50 


5-20 


5- 15 



♦all numerial values preferably modified by the term "about" 



The level of DHA and ARA in the formula for use in the method of the present invention 
can be expressed as in Table 1 as either a percentage of the total fatty acids in the formula or as an 
amount (mg) of fatty acid per 100 kcal of formula. For percentage of the total fatty acids in the 
formula, this percentage is multiplied by the absolute concentration of total fatty acids in the 
formula (either as g/L or g/100 kcal) to provide the absolute concentration of the fatty acid of 
interest in the formula (in g/L or g/100 kcal, respectively). Total fatty acid content is estimated as 
being about 95% of the total fat, to thus account for the weight of the glycerol backbone. 
Conversion from mg/100 kcal to mg/L is a simple calculation dependent upon the caloric density 
as is known to those skilled in the art for any particular formula. 

Daily intake of DHA and ARA in accordance with the method herein can vary depending 
upon the age and the particular nutritional needs of the infant. Daily DHA intake in accordance 
with the method generally ranges from about 2 to about 65 mg/kg body weight/day, including 
from about 3 to about 35 mg/kg body weight/day, and also including from about 7 to about 26 
mg/kg body weight/day, whereas daily ARA intake in accordance with the method- generally 
ranges from about from about 2 to about 65 mg/kg body weight/day, including from about 5 to . 
about 50 mg/kg body weight/day, and also including from about 20 to about 40 mg/kg body 
weight/day. 

The infant formulas for use in the method of the present invention may further comprise 
many other fatty acid materials and sources thereof in addition to the requisite ARA and DHA 
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components described herein, provided that all such additional materials are suitable for use in an 
infant nutritional formula. Non-limiting examples of such additional fatty acid materials include 
eicosapentaenoic acid or EPA (20:5 n-3), linoleic acid (182 n-6), y-linolenic acid or GLA (18:3 
n-6) acids, a-linolenic acid (18:3 n-3), dihomo-y-linolenic or DHGLA (20:3n-6), a-lino!enic 
(18:3n-3), stearidonic acid (18:4 n-3), and combinations thereof. 

The ARA and DHA components can be provided in the form of free fatty acids or from 
any known or otherwise suitable source, natural or synthetic, which ultimately provides infants 
with the desired fatty acid materials. Such other sources include monoglycerides, diglycerides, 
and triglycerides containing one or more of the desired fatty acids esterifled to the glyceride 
backbone, including simple glycerides in which all esterified positions contain the same fatty acid 
or mixed glycerides which contain different esterified fatty acids. Such other sources also 
include phospholipids as a diglyceride in which the third position on the glycerol backbone is 
bonded to a nitrogen containing compound such as choline, serine, ethanolamine, inositol, and so 
forth, via a phosphate ester. Triglycerides and phospholipids are often classified as long chain or 
medium chain, according to the fatty acids attached thereto. In human milk, about 98% of the 
fatty acids are in triglycerides. A "source" of the desired fatty acids for use in the method of the 
present invention may therefore include any of these forms of glycerides from natural or other 
origins. 

The nutritional formulas to which the methods of the present invention are directed may 
further comprise a lipid component in addition to the source of ARA and DHA described herein 
before, non-limiting examples of which include lipids derived from plants, typically providing 
fatty acids only to about 18 carbons in length, such as borage, black currant seed, corn, coconut, 
canola, soybean, safflower, high oleic safflower, sunflower, high oleic sunflower, olive, evening 
primrose, cottonseed, rice bran, grapeseed, flaxseed, garlic, peanuts, almonds, walnuts, wheat 
germ, and sesame. 

Other suitable lipid materials for use in addition to the source of ARA and DHA 
described hereinbefore include dairy products such as eggs and butterfat; fish oils, such as cod, 
menhaden, sardine, tuna and many other fish; certain animal fats, lard, tallow and microbial oils 
such as fungal and algal oils, some descriptions of which are set forth in U.S Patent 5,374,657, 
U.S. Patent 5,550,156, and U.S. Patent 5,658,767, which descriptions are incorporated herein by 
reference. 

Notably, fish oils are a good source of the DHA component of the present invention. 
Other suitable sources include algal oils such as those from dinoflagellates of the class 
Dinophyceae, notably Crypthecodinium cohnii are also sources of DHA (including DHASCO ™), 
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as taught in US Patents 5,397,591; 5,407,957; 5,492,938; and 5,711,983. The genus Mortierella, 
especially M, alpina , and Pythium insidiosum are also good sources of ARA for use herein, 
including ARASCO™ as taught by US Patent 5,658,767 and as taught by Yamada, et al. J. 
Dispersion Science and Technology, 10(4&5), pp561-579 (1989), and Shinmen, et al. Appl. 
Microbiol. Biotechnol. 31:1 1-16 (1989). 

NUTRIENTS 

The infant nutritional formulas for use in the methods of the present invention preferably 
comprise sufficient types and amounts of nutrients to help meet the targeted needs of the intended 
user. These formulas typically comprise lipid (in addition to the source of ARA and DHA 
described herein), protein, and carbohydrate, and preferably further comprise one or more of 
vitamins, minerals, or combinations thereof 

The method of the present invention preferably provides infants with up to 100%, 
including from about 50% to 100%, of their daily caloric intake, more preferably in combination 
with some human milk. 

Many different sources and types of carbohydrates, lipids, proteins, minerals and vitamins 
are known and can be used in the infant formulas for use in the method of the present invention, 
provided that such nutrients are compatible with the added ingredients in the selected formulation, 
are safe and effective for their intended use, and do not otherwise unduly impair product 
performance. 

The term "protein*' as used herein, unless otherwise specified, includes intact and 
hydrolyzed proteins, free amino acids, and combinations thereof. Proteins suitable for use herein 
can therefore be hydrolyzed, partially hydrolyzed or non-hydrolyzed, and can be derived from any 
known or otherwise suitable source such as milk (e.g., casein, whey), animal (e.g., meat, fish), 
cereal (e.g., rice, com), vegetable (e.g., soy), or combinations thereof. The protein can include, 
or be entirely or partially replaced by, free amino acids known or otherwise suitable for use in 
nutritional products, non-limiting examples of which include tryptophan, glutamine, tyrosine, 
methionine, cysteine, carnitine, arginine, and combinations thereof. 

Non-limiting examples of lipids suitable for use in the nutrition formulas hereof, in 
addition to the sources of ARA and DHA described herein, include coconut oil, soy oil, corn oil, 
olive oil, safilower oil, high oleic safflower oil, MCT oil (medium chain triglycerides), sunflower 
oil, high oleic sunflower oil, structured triglycerides, palm and palm kernel oils, palm olein, 
canola oil, marine oils, cottonseed oils, and combinations thereof. 
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The infant nutrition formulas may further comprise any of a variety of vitamins, non- 
limiting examples of which include vitamin A, vitamin D, vitamin E, vitamin K, thiamine, 
riboflavin, pyridoxine, vitamin B l2 , niacin, folic acid, pantothenic acid, biotin, vitamin C, choline, 
inositol, salts and derivatives thereof, and combinations thereof. 

The infant nutrition formulas may further comprise any of a variety of minerals known or 
otherwise suitable for us in infant nutrition formulas, non-limiting examples of which include 
calcium, phosphorus, magnesium, iron, zinc, manganese, copper, iodine, sodium, potassium, 
chloride, selenium, and combinations thereof. 

The infant nutrition formulas of the present invention preferably comprise nutrients in 
accordance with the relevant infant formula guidelines for the targeted consumer or user 
population, an example of which would be the Infant Formula Act, 21 U.S.C. Section 350(a). 
Preferred carbohydrate, lipid, and protein concentrations for use in the formulas are set forth in the 
following table. 



Table 2 - Infant Formula Nutrients* 



Nutrient 


Range 


gm/100 kcal 


gm/100 gm powder 


gm/liter as fed 


Carbohydrate 


l tt embodiment 


8-16 


30-90 


54-108 


2 nd embodiment 


9-13 


45-60 


61-88 


Lipid 


l a embodiment 


3-8 


15-35 


20-54 


2 nd embodiment 


4-6.6 


25-25 


27-45 


Protein 


I st embodiment 


1-3.5 


8-17 


7-24 


2 na embodiment 


1.5-3.4 


10-17 


10-23 



♦all numerical values are preferably modified by the term "about" 



The infant nutrition formula also includes those embodiments that comprise per 100 kcal of 
formula one or more of the following: vitamin A (from about 250 to about 750 IU), vitamin D 
(from about 40 to about 100 IU), vitamin K (greater than about 4 jim), vitamin E (at least about 
0.3 IU), vitamin C (at least about 8 mg), thiamine (at least about 8 ng), vitamin Bi 2 (at least about 
0.15 jag), niacin (at least about 250 jig), folic acid (at least about 4 ^g), pantothenic acid (at least 
about 300 fig), biotin (at least about 1.5 jig), choline (at least about 7 mg), and inositol (at least 
about 2 mg). 

The infant nutrition formula also includes those embodiments containing per 100 kcal of 

formula one or more of the following: calcium (at least about 50 mg), phosphorus (at least about 

25 mg), magnesium (at least about 6 mg), iron (at least about 0.15 mg), iodine (at least about 5 
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tig), zinc (at least about 0.5 nig), copper (at least about 60 jig), manganese (at least about 5 ng), 
sodium (from about 20 to about 60 mg), potassium (from about 80 to about 200 mg), chloride 
(from about 55 to about 150 mg) and selenium (at least about 0.5 meg). 

Product Form 

The nutritional formulas for use in the method of the present invention can be prepared in 
any of a variety of product forms, but will most typically be in the form of a ready-to-feed liquid, 
a liquid concentrate diluted prior to consumption, or a powder that is reconstituted prior to 
consumption. 

The infant nutritional formulas for use in the method of the present invention can have or 
otherwise provide a variety of caloric densities depending upon the particular needs of the infant, 
but will most typically have or otherwise provide a caloric density of at least about 19 kcal/fl oz 
(660 kcal/liter), more typically from about 20 kcal/fl oz (675-680 kcal/liter) to about 25 kcal/fl oz 
(820 kcal/liter), even more typically from about 20 kcal/fl oz (675-680 kcal/liter) to about 24 
kcal/fl oz (800-810 kcal/liter). 

Preferred for preterm infants are the 22-24 kcal/fl oz formulas, including 22-23 kcal/fl oz 
formulas. For term infants, preferred are the 20-21 kcal/fl oz (675-680 to 700 kcal/liter) formulas. 

Method of Use 

The method of the present invention comprises feeding to an infant, preterm or term, a 
nutritional formula having the requisite DHA and ARA components as described herein, to 
provide the infant with reduced body fat weight and increased lean body weight over time without 
impacting total overall growth. The feeding can be by any conventional or known method for 
feeding infants, preferably by oral administration, with the nutritional intake ranges preferably 
falling within the values described herein. 

The method of the present invention provides up to 100% of the infants daily nutrition, 
typically from about 50% to 100%, but is preferably used in combination with human milk as 
well. The feeding, method is continued for a period of time up to about 1 year corrected age for 
the infant, including up to about 3 months, including up to about 6 months, including up to about 9 
months, corrected or conventional age of the infant. 

The method of the present invention may be applied to both term and preterm infants, but is 
preferably applied to preterm infants as defined herein. 

In the context of the method of the present invention as applied to infant nutritional 
formulas in powder form, the corresponding method may further comprise reconstituting the 
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powder with an aqueous vehicle, most typically water or human milk, to form the desired caloric 
density, which is then orally or enterally fed to the infant to provide the desired nutrition. For 
powdered infant formula embodiments of the present invention, each is reconstituted with a 
quantity of water or other suitable fluid such as human milk to produce a volume suitable for one 
infant feeding, but generally from about 8 grams to about 9 grams of powder are reconstituted 
with about 55 to about 65 ml of water to produce the desired nutrient densities. 

Optional Ingredients 

The infant formulas for use in the method of the present invention may further comprise 
other optional components that may modify the physical, chemical, aesthetic or processing 
characteristics of the formulas or serve as pharmaceutical or additional nutritional components 
when used in the targeted population. Many such optional ingredients are known for use in food 
and nutritional products, including infant formulas, and may also be used in the infant formulas 
for use in the method of the present invention, provided that such optional materials are 
compatible with the essential materials described herein, are safe and effective for their intended 
use, and do not otherwise unduly impair product performance. 

Non-limiting examples of such optional ingredients include preservatives, additional anti- 
oxidants, emulsifying agents, buffers, colorants, flavors, nucleotides and nucleosides, thickening 
agents, fiber, stabilizers, and so forth. 

Method of Manufacture 

The infant formulas of the present invention may be prepared by any known or otherwise 
effective technique, suitable for making and formulating infant or similar other formulas. Many 
such methods are described in the relevant arts or are otherwise well known to those skilled in the 
nutrition formula art. 

The nutritional formulas for use in the method of the present invention can be prepared by 
any of a variety of known or otherwise effective methods. These methods typically involve the 
initial formation of an aqueous slurry containing carbohydrates, proteins, lipids, stabilizers or 
other formulation aids, vitamins, minerals, or combinations thereof. The slurry is emulsified, 
homogenized and cooled. Various other solutions, mixtures or other materials may be added to 
the resulting emulsion before, during, or after further processing. This emulsion can then be 
further diluted, sterilized, and packaged to form a ready-to-feed or concentrated liquid, or it can 
be sterilized and subsequently processed and packaged as a reconstitutable powder (e.g., spray 
dried, dry mixed, agglomerated). 
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Other methods for making infant nutrition formulas are described, for example, in U.S. 
Patent 6,365,218 (Borschel), which description is incorporated herein by reference. 

The infant nutritional formulas for use in the method of the present invention can also be 
obtained from commercially available formulas, provided that such formulas contain the requisite 
DHA and ARA components. Non-limiting examples of such commercially available formulas for 
use in the method hereof include Similac® Advance® Infant Formula (milk protein based 20 
Cal/fl oz), Isomil ® Advance ® Infant formula (soy protein-based 20 Cal/fl oz), Simlac® Special 
Care® Advance Premature Infant Formula (20 and 24 kcal/fl oz), Similac® NeoSure® Advance 
® Nutrient-enriched Post-discharge Formula (744 Cal/L), all of which are available from Ross 
Products Division, Abbott Laboratories, Columbus, Ohio, USA. Other non-limiting examples of 
suitable formulas for use in the method of the present invention include those Enfamil® brand 
Infant formulas containing both DHA and ARA under the LIPIL® trademark, which formulas are 
available from Mead Johnson & Company, Evans ville, Indiana, USA. 

Example 

The following clinical study was performed in accordance with the method of the present 
invention. As shown from the experimental data set forth hereinafter, the method resulted in 
increased lean body mass and reduced fat body mass in the subject infants, without an impact on 
overall growth. 

1.1. Clinical Study; Summary 

The objective of the study was to evaluate body composition of premature infants fed 
formulas with arachidonic acid (ARA; 20:4n6), and docosahexaenoic acid (DHA; 22:6n3) to one 
year of gestation-corrected age (CA). Preterm infants (750-1800 g birth weight and <33 wks 
gestational age) were assigned within 72 hrs of their first enteral feeding to 1 of 3 formulas: 
control (n=22); DHA+ARA from fish/fungal oil (DHA+ARA[FF], n=20); or DHA+ARA from 
egg/fish oil (DHA+ARA [EF], n=18). Infants were fed human milk and/or preterm formulas with 
or without 0.26% DHA and 0.42% ARA to term corrected age (CA) followed by human milk or 
post-discharge preterm formulas with or without 0.16% DHA and 0.42% ARA to 12 m CA. 
Body composition was measured by dual-energy x-ray absorptiometry (DEXA). 

The DHA+ARA supplemented infants did not differ in longitudinal growth compared 
with control infants from 40 wks to 12 m CA. Bone mineral content and bone mineral density 
similarly did not differ among groups. At 12-months CA, infants fed DHA+ARA supplemented 
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formulas had significantly greater lean body mass (p<0.03) and significantly less fat mass 
(p<0.02) than infants fed the unsupplemented control formula. 

The DHA+ARA supplemented formulas, therefore, had no effect on growth or bone 
mineralization in premature infants < 33 wks gestation. Preterm formulas with DHA+ARA at the 
levels and ratios in this study and fed up to one year CA led to increased lean body mass and 
reduced fat mass by one-year of age. 

1.2. Clinical Study Background 

The long chain polyunsaturated fatty acids docosahexaenoic acid (DHA) and arachidonic acid 
(ARA) are currently added to infant formulas in many countries. ARA and DHA are the 
predominant long-chain polyunsaturated fatty acids in the central nervous system, and it has been 
postulated that an adequate dietary supply during infancy is necessary to support optimum 
neurodevelopment. The results of numerous investigations indicate that visual acuity and 
neurocognitive development are enhanced in preterm infants fed formulas supplemented with 
DHA or both ARA and DHA reviewed in (1 -4). Most (3, 5-7) but not all (8) studies have 
reported normal growth in preterm infants fed formulas supplemented with both ARA and DHA. 

Long chain polyunsaturated fatty acids, including ARA, DHA and EPA, are important 
biomediators that can impact growth and body composition through diverse mechanisms. The 
level and ratio of long-chain polyunsaturated fatty acids fed can influence cell membrane 
properties, cell-to-cell signaling processes, the expression of genes that regulate cell 
differentiation and growth, and the synthesis of eicosanoids that affect bone metabolism (9). 
Animal studies suggest that dietary long-chain polyunsaturated fatty acids can affect both fat mass 
and distribution (10, 1 1) and bone metabolism (12, 13). 

There is little information available regarding the effects of dietary long-chain 
polyunsaturated fatty acids on body composition in neonatal (infant) animals or in humans. In the 
present study, growth and body composition were investigated in preterm infants fed formulas 
supplemented with ARA and DHA from first enteral formula feedings to one-year term corrected 
age. 

13. Study Design 

This controlled, double-blind, randomized, parallel study was designed to evaluate body 
composition in premature infants fed one of two formulas with different sources of DHA and 
ARA (DHA+ARA) or a control formula with no added DHA or ARA to 12 months gestation- 
corrected age (CA). Assessments were made at the time enteral feedings were begun (Study Day 
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1), at 35 weeks CA, 40 weeks CA (term), 4 months CA and 12 months CA. Study feedings were 
24 kcal/fl oz preterm infant formulas from Study Day 1 to 40 weeks CA, and 22 kcal/fl oz post- 
discharge formulas from 40 weeks CA to 12 months CA. 

1.4. Subjects 

Sixty preterm infants with birth weights from 750 to 1800 g and gestational age <33 
weeks were recruited and evaluated in the study. These infants were enrolled within 72 hours of 
their first enteral feeding, and could be enrolled as long as the enteral feeding was initiated by the 
twenty-eighth day of life. Infants with one or more of the following conditions prior to 
randomization were excluded: congenital abnormalities that could affect growth or development, 
major surgery, Grade III or IV periventricular hemorrhage, asphyxia resulting in severe and 
permanent neurological damage, treatment with extracorporeal membrane oxygenation, maternal 
incapacity (including sub stance abuse), or uncontrolled systemic infection. There were no 
restrictions on the type of feeding prior to study entry. 

. The randomization schedule was stratified by gender and birth weight groups (750 to 1250 gm 
and 1251 to 1800 gm). If twins were enrolled, both twins were assigned to the same formula 
group using a separate randomization schedule prepared for twin births. 

1.5 Study Feedings 

Study feedings were those described herein (3). Briefly, preterm infants were fed 24 kcal/fl oz 
Similac® Special Care ® containing DHA (0.26%) and ARA (0.42%) either from fungal oil and 
fish oil (DHA+ARA [FF]), or from egg-derived triglyceride and fish oil (DHA+ARA [EF]) from 
the first enteral formula feeding until 40 weeks CA. Infants in the control group (control) were 
fed 24 kcal/fl oz Similac® Special Care®. At 40 weeks CA, infants were switched to 22 kcal/fl 
oz NeoSure® (control), or to NeoSure® with DHA (0.16%) and ARA (0.42%) from the same 
sources that were fed previously. The fatty acid composition of the formulas is described 
hereinafter in Table 3. 

Human milk feeding was encouraged prior to initiating formula feeding and throughout the 
entire study for infants in each group. Human milk was provided as expressed milk fed by tube or 
bottle, or by nursing at the breast. If the amount of milk produced by the mother was insufficient 
to meet the volume and energy needs of the infant, the randomly assigned study formula was to be 
fed. During hospital stay, it was recommended that expressed human milk be fortified to achieve 
an energy density of 22 to 24 kcal/fl oz. Infants were categorized as exclusively formula-fed or as 
receiving mixed formula-human milk feedings. Exclusive formula feeding was defined as less 
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than a total of 100 ml/kg birth weight of in-hospital human milk intake (approximately 130 ml) 
and formula for more than 80% of feedings from hospital discharge to term CA. All other infants 
were placed in the 'formula plus human milk" group. The fatty acid composition of the study 
formulas is shown on Table 1 . 

1.6 Feeding Procedures 

Study Day 1 was the day the infant was randomized and began enteral feeding of the assigned 
study formula or human milk. In-hospital, parenteral nutrition was administered to infants who 
could not tolerate full enteral feeding. A daily record was kept of the volume of parenteral 
nutrition, study formula and human milk provided. The use of supplemental multi-vitamins 
and/or minerals was permitted as indicated by the attending physician. Enteral feedings were 
withheld at the discretion of the attending physician if the infant showed signs of intolerance to 
the formula, and were reintroduced after indicators of intolerance resolved. If radiographic 
evidence of necrotizing enterocolitis (NEC) occurred, or if NEC was documented at surgery, the 
subject was removed from the study. 

Infants were fed the 24 kcal/fl oz study feedings from Study Day 1 to 40 weeks CA and 22 
kcal/fl oz study feedings from 40 weeks CA to 12 months CA. For three consecutive days prior 
to the 40- week CA, 4-month CA and 12-month CA assessments, parents were asked to keep 
diaries to record formula intake, frequency of breastfeeding, use of multivitamin and mineral 
supplements, and other foods consumed. Parents were encouraged to delay the introduction of 
solid foods until infants were at least 2 months CA. 

1.7 Anthropometric Data 

Birth weight, length and head circumference measurements were obtained from the medical 
record. In-hospital, weights were measured daily, and length and head circumference were 
measured weekly. Post-discharge weight, length and head circumference were recorded at 35 and 
40 weeks CA, and at 4 and 12 months CA. Approximately 25% of the 35-week CA visits, 94% of 
the 40-week CA visits, and 100% of the 4 and 12 month CA visits were post-discharge. At each 
assessment, weight measurements were obtained once (in-hospital) or twice (post-discharge). 
Recumbent length and head circumferences were obtained twice. If the two measurements were 
not within specified tolerances (weight ± 10 g, and length and head circumference ±0.5 cm), a 
third measurement was taken. Multiple measurements were averaged for statistical analyses. 

Infants were weighed nude in-hospital and after hospital discharge using calibrated digital 
electronic scales (Olympia Smart Scales, Olympia Medical Systems, Seattle, WA, and Scale 
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Tronix, Wheaton IL, respectively). Lengths were measured using a standard length board sized 
for either preterm or term infants (Ellard Instrumentation Ltd., Seattle, WA). Head 
circumferences were measured using the Ross Laboratories INSER-TAPE®. 

Dual Energy X-Ray Absorptiometry fDEXA) 
DEXA measurements were made with a whole body scanner (Hologic QDR 2000/W 
Densitometer, Infant Whole Body Software Version 5.7 IP; Hologic, Inc., Bedford, MA) operated 
in the single beam mode. AH DEXA technicians had completed certification to operate the 
densitometer. One technician made over 75% of the DEXA measurements. Quality control scans 
using the manufacturer-supplied step-phantom were performed according to hospital protocol. 
Measurements of total body bone mineral content (g), total body bone mineral density (g/cm 2 ), 
total body fat (kg) and total lean mass (kg) were made at 35 and 40 weeks CA, and at 4 and 12 
months CA. Infants wore only disposable diapers, were swaddled in a blanket or sheet, and were 
placed on a blanket on top of the pediatric platform and next to the step-phantom block, both 
supplied by the manufacturer. Infants were near sleep or fully asleep before scanning was 
started. No sedation was used. Scanning was continued until a complete scan was obtained that 
included no more than three visible partial breaks or not more than one complete break on the 
image, or until it became clear that the infant was unable to lay still for a sufficient period of time. 
One hour was used as the approximate maximum time to attempt completion of one usable scan. 
The average radiation dose of one infant whole body scan is estimated at 3 nSv (0.3 mrem). Bone 
mineral content (g) was sensitive to 0.01, bone mineral density (g/cm 2 ) to 0.001, and body fat and 
lean mass to 0.1 gram. 

Blood Fatty Acid Analyses 
Blood was collected by venipuncture at the 4 and 12 month CA visits for determination of the 
fatty acid composition of plasma and of the phosphatidylcholine (PC) and 
phosphatidylethanolamine (PE) membrane fractions of erythrocytes. Blood samples were 
processed and frozen at -70°C, and shipped on dry ice to a central laboratory (Analytical Research 
and Services, Ross Products Division, Columbus, OH) for analysis (14). 

1.8 Statistical Analyses 

The estimated sample size was targeted to detect a 0.5 standard deviation difference in fat free 
mass with 80% power using a 2-sided 0.05 level test. Preterm infants who were fed formulas 
with and without supplemental DHA and who had their fat free mass measured at 4 months CA 
were used to estimate variability (15). 
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Formula assignment was determined using a computer-generated randomization schedule 
based on a permuted blocks algorithm. Categorical demographic variables were evaluated using 
chi-square tests of association and Fisher's exact tests, while continuous demographic variables 
were evaluated using analysis of (co)variance (AN(C)OVA). Summary statistics and distributional 
characteristics were obtained for all variables prior to analysis to identify outliers. Model fit was 
assessed using residual and stem-leaf plots for all parametric analyses of continuous variables. 

Anthropometric and body composition data were assessed longitudinally using repeated 
measures analyses. The analysis of anthropometric measures included study feeding group, visit, 
gender, birth weight, mixed versus exclusive formula-feeding, and interactions between study 
feeding group and visit as terms in the model The analysis of body composition measures 
included study feeding group, visit, gender, race, body weight at scan, mixed versus exclusive 
formula-feeding, and interactions between study feeding group and visit as terms in the model. 
Where the tests of interaction between feeding group and visit were significant, pair wise 
comparisons among the three feeding groups were performed for that visit. 

Changes in bone mineral content between study visits were assessed for the following five 
intervals: 35 weeks to 40 weeks CA, 4 months, 12 months CA, and 40 weeks to 4 months and 12 
months CA. The ANCOVA model for bone mineral content data included terms for study feeding 
group, gender, mixed versus exclusive formula-feeding, race, and average body weight between 
DEXA measurements. 

All hypothesis testing was 2-sided at the 5% level for main effects and at the 15% level for 
interaction tests. Post-hoc pair wise comparisons following significant interaction tests were done 
using t-tests for differences between least-squares means (group means adjusted for the other 
terms in the analysis model). No adjustments were made for multiplicity of endpoints tested in 
this study. AH analyses were done using PC SAS * version 8.2 (PROC MIXED, PROC GLM, 
PROC FREQ and PROC UNIVARIATE). 

1.9 Results 

Sixty infants were randomized. One infant diagnosed with a rare neurological disorder, and 
two infants who were exclusively human milk-fed throughout the study were excluded from the 
analyses. Birth anthropometrics, gestational age, gender, ethnicity, percent of infants with birth 
weight appropriate for gestational age, percent of infants in each birth weight group, 5 minute 
Apgar scores, postnatal complication rate and amount of human milk intake did not differ among 
study groups (Table 4). There were significantly more twin births in the DHA+ARA [EF] group 
compared with the DHA+ARA [FF] and control groups. The numbers of analyzable subjects at 
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the Study Day 1, 35 week, 40 week CA, 4 month CA and 12 month CA visits were 57, 55, 53, 45 
and 41, respectively. Sixteen subjects dropped out of the study between Study Day 1 and the 12- 
month CA visit The reasons for early exit included switching to a non-study formula per 
physician recommendation (Control, n=7; DHA+ARA [FF], n=0; DHA+ARA [EF], n=l), 
voluntary withdrawal by parent or investigator (Control, n=0; DHA+ARA [FF], n=0; 
DHA+ARA [EF], n=2), non-compliance with study visits (Control, n=0; DHA+ARA [FF], n=3; 
DHA+ARA [EF], n=2), and death unrelated to study participation (Control, n=0; DHA+ARA 
[FF], n=l ; DHA+ARA [EF], n=0). 

Postnatal ages at each study time point were not significantly different among the three groups 
(data not shown). Enteral energy intakes were not significantly different among the three groups. 
From Study Day 1 to hospital discharge, and at 40 weeks, 4 months and 12 months CA, enteral 
energy intakes (kcal/kg per day) for the DHA+ARA [FF], DHA+ARA [EF], and control groups 
were, respectively, 93 ± 1 1, 99 ± 9, 95 ± 3 (p=0.910), 120 ± 8, 120 ± 17, 1 16 ± 6 (p=0.968), 100 ± 
7, 107 ± 19, 1 14 ± 12 (p=0.764) and 71 ± 1 1, 88 ± 14, 67 ± 7 (p=0.354). 

No differences in the percent of infants with a patent ductus arteriosus, bronchopulmonary 
dysplasia, or a grade III/IV IVH were found; 22.2%, 22.2% and 33.3% for infants in the 
DHA+ARA [FF], DHA+ARA [EF] and control groups, respectively (p=0.656). No infants 
developed confirmed NEC. 

Plasma levels of ARA and DHA were significantly lower in the control versus the 
experimental groups. At 4 months CA, plasma levels of ARA (wt%) for the DHA+ARA [FF], 
DHA+ARA [EF], and control groups were, respectively, 12.0 ± 0.5, 12.0 ± 0.6, and 8.6 ± 0.9 
(pO.Ol); and at 12 months CA were 13.2 ± 1.1, 12.5 ± 0.6, and 9.6 ± 0.8 (p<0.01). At 4 months 
CA, plasma levels of DHA (wt%) for the DHA+ARA [FF], DHA+ARA [EF], and control groups 
were, respectively, 3.4 ± 0.1, 3.2 ± 0.2, and 1.8 ± 0.2 (pO.OOl); and at 12 months CA were 3.8 ± 
0.3, 3.5 ± 0.2, and 1.8 ± 0.2 (pO.OOl). At 12 months CA, erythrocyte PE and PC DHA levels 
were significantly lower in the control versus the experimental groups (p<0.04). Throughout the 
study, there were no significant differences in erythrocyte PE and PC ARA levels among the three 
study groups (data not shown). 

There were no significant differences among the three study groups in the longitudinal 

analyses of weight, length, or head circumference (Table 5). There were no significant 

differences among the three study groups in bone mineral density or bone mineral content (Table 

6). There were no significant differences among the groups for rate of bone mineral content gain 

between any interval measured. For example, increase in bone mineral content (g/d) for the 

DHA+ARA [FF], DHA+ARA [EF], and control groups from 35 to 40 weeks was 0.54 + 0.05, 
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0.52 ± 0.05, and 0.58 ± 0.05, respectively, from 40 weeks to 4 months corrected age was 0.63 ± 
0.03, 0.70 + 0.05, and 0.66 ± 0.04, respectively, and from 40 weeks to 12 months corrected age 
was 0.38 ± 0.03, 0.40 ± 0.04, and 0.43 ± 0.03, respectively. Similarly, there were no significant 
differences in the rate of bone mineral content gain from 35 weeks to 4 months CA, or between 
35 weeks and 12 months CA (data not shown). 

At the 12 month CA visit, there were significant feeding group-by- visit interactions for 
both fat mass (p<0.03) and lean body mass (p=0.13). Infants fed formula supplemented with 
DHA and ARA from either the fish-fungal oil [FF] or the egg-fish oil [EF] had significantly 
greater lean body mass (p<0.03, pO.Ol, respectively), and significantly less fat mass (p<0.01, 
p<0.02, respectively) compared with infants fed the control formula (Table6). The least squares 
adjusted means (+A SEM) at 12 months CA for lean body mass (kg) for infants in the control, 
DHA+ARA [FF] and DHA+ARA [EF] groups were 6.53 ± 0.15, 6.83 ± 0.13, and 7.00 ± 0.14, 
respectively, and for fat mass (kg) were 3.07 ± 0.14, 2.60 ± 0.12, and 2.60 ± 0.13, respectively, 
(Figure 1). 

1.10 Discussion 

Very low birth weight infants are commonly discharged from the hospital on nutrient 
enriched feedings. Twenty-two kcal/oz formulas, such as those used in the present study, are 
increasingly prescribed. Several studies reported that post-discharge nutrient-enriched feedings 
are associated with significant improvements in catch-up growth (16-19) and may be particularly 
advantageous for males and for infants with the lowest birth weights (16, 17). Short-term feeding 
of preterm formulas is not associated with changes in plasma mineral concentration (20) but 
feeding of nutrient enriched formulas appears to result in increased bone mineralization (21-23). 
Short-term feeding of post-discharge formula to 2 months is not associated with changes in fat 
and lean body mass (24). This is the first study to report effects of DHA and ARA in formula on 
body composition in preterm infants. While there were no effects on bone mineral deposition, 
infants fed the DHA+ARA supplemented formulas from first enteral feedings to 12 months CA 
had greater lean body mass and reduced fat mass at 12 months. 

Preterm infants fed formula during the early postnatal period accumulate fat faster than 
fetuses of similar post-conceptional age (25). It has been suggested that dietary practices after 
hospital discharge have an even greater impact on body composition than dietary practices in- 
hospital (26). However, there is a paucity of data regarding the effect of the post-discharge diet 
on body composition in preterm infants. Ryan et al. (15) reported lower fat free mass in preterm 
male infants who were fed preterm formula supplemented with 0.2% DHA but no ARA until 43 
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weeks postmenstrual age followed by term formula similarly supplemented with DHA until 4.5 
months corrected age. By contrast, preterm infants in the present study fed formulas with both 
DHA+ARA, regardless of source, to 12 months CA had more lean body mass (average LS mean 
difference, 300-470 g), less fat mass (average LS mean difference, 470g), and no differences in 
overall weight than the control group. The longitudinal values for fat mass in the present study are 
in agreement with those recently reported for a group of 104 healthy, term or near term infants 
who were either breast fed or fed term infant formula (27). 

When considering animal (11, 28-34) and infant (15) studies examining body 
composition, the increase in lean body mass and corresponding reduced fat mass in the preterm 
infants in the present study were not anticipated. In studies with rodents, diets rich in the long- 
chain n-3 fatty acids, DHA and EPA, from fish oil have been associated with lower body fat when 
compared with diets rich in saturated fat (e.g. lard, MCT oil) or polyunsaturated fatty acids such 
as linoleic acid (e.g. corn oil) (11, 28-34). Adult rats fed the diets rich in DHA and EPA had 
preferential partitioning of ingested energy toward oxidation at the expense of storage (28), 
reduced fat mass (29), decreased fat cell trophic growth (30), altered expression of genes involved 
in adipose tissue metabolism (11) including lipoprotein lipase activity (32), increased peroxisomal 
beta-oxidation (33), reduced adipocyte cell volumes (34), increased visceral fat hypertrophy (10), 
and altered regulation of leptin (35). These studies, however, did not examine diets rich in ARA 
to evaluate possible interactions between high dietary DHA and EPA and dietary ARA. 
Additionally, more than 25 and 150 fold greater amounts of DHA and EPA, respectively, were 
fed in the rodent studies than in the present and other (15) infant formula studies that have 
examined body composition. In the study by Ryan et al (15), preterm infants were fed formulas 
with DHA and EPA at less than 0.3% of calories for about five months after hospital discharge. 
Infants fed the supplemented formulas grew slower and had lower fat-free mass, but fat mass was 
not different than in infants fed the unsupplemented control formula. Conversely, growth is not 
slower in preterm infants fed formulas containing both ARA and DHA compared with an 
unsupplemented control formula (7, 36-38), and as shown in the present study lean body mass is 
greater and fat mass is reduced. Additional studies are needed to understand the specific effects 
of ARA and the long chain n-3 fatty acids, DHA and EPA, on lean body mass and fat mass in 
infancy. 

In the present study, preterm infants fed preterm formulas supplemented with DHA and 
ARA for the first year of life accumulated fat and lean body mass differently than preterm infants 
fed unsupplemented preterm formulas for the first year of life. In term-born infants, birth weight 
appears to be directly correlated with fat-free mass later in life (8). When compared to 
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appropriately grown newborns, the reduced weight of small-for-gestational age (SGA) infants at 
birth is primarily due to lower lean body mass with adiposity less affected (39). An overall deficit 
in muscularity and a tendency for a higher percent body fatness persists through the first years of 
life in infants born SGA (40). Intrauterine growth restriction and SGA status at term have been 
linked to increased risk of adult disease (41-43). Independent of size at birth, both slow and 
accelerated weight gain during infancy is associated with an increased risk of adult disease (44). 

Preterm infants often experience postnatal growth restriction and have anthropometric 
measurements at less than the 10* percentile at the time of hospital discharge (45, 46). They are 
also at risk for poor growth into childhood (47). Little is known how postnatal growth patterns 
influence the body composition of VLBW, preterm infants. The present study suggests that 
feeding low birthweight infants during the first year of life with preterm formulas supplemented 
with DHA and ARA results in a body composition in which total fat mass is reduced and lean 
body mass enhanced. 

In the present study, neither bone mineral content nor bone mineral density were different 
between 35 weeks and 12 months CA in preterm infants fed either unsupplemented preterm 
formulas or preterm formulas supplemented with DHA and ARA for the first year of life. 
Consistent with these findings, Martinez et al. (6) reported that supplementation of preterm 
formula with ARA and DHA caused no disturbances in mineral balance. Studies with rodents (13, 
48, 49), piglets (50, 51), and chicks (52, 53), on the other hand, have reported effects of n-6 fatty 
acids (i.e. linoleic acid; ARA) and n-3 fatty acids (i.e. EPA; DHA) on bone formation. ARA (n-6) 
and EPA (n-3) are precursors to eicosanoids that influence the differentiation and activation of 
cells in bone and cartilage tissue. For example, in a study with formula-fed piglets, ARA and 
prostaglandin E2 (PGE2), synthesized from ARA, both increased bone mass, apparently by 
independent, distinct mechanisms (50). Others report concentration dependent effects of PGE2 
with higher levels associated with depressed bone formation (13, 52). Another study with 
formula-fed piglets reported that higher plasma DHA was associated with less bone resorption 
(53). Watkins et al (54), on the other hand, reported that chicks fed diets rich in n-6 fatty acids led 
to increased levels of PGE2 and depressed bone formation rates compared with animals fed diets 
high in n-3 fatty acids. It is not known whether different levels or ratios of ARA, EPA and DHA 
than those fed in the present study may affect bone formation in preterm infants. Further studies 
are warranted given the rapid bone remodeling that occurs during the first year of life in preterm 
infants (55). The results of the present study suggest that DHA and ARA supplemented infant 
formulas can be fed to preterm infants for their neurodevelopment and visual acuity advantages 
without negative affects on bone mineralization. 
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The growth results of the present study are in agreement with those of the larger study of 
O'Connor et al. (3) with 470 preterm infants given the identical formulas used in the present study 
and fed for the same period of time. O'Connor et al. found no consistent differences among the 
groups in weight, length, or head circumference. In several early studies, growth was restricted in 
preterm infants fed formulas supplemented with only n-3 fatty acids, as DHA alone or in 
combination with EPA, and no ARA (n-6 fatty acids) (15, 56, 57). In most studies in which 
preterm and term infants were fed formulas supplemented with both n-6 (ARA) and n-3 (DHA) 
fatty acids, and little or no EPA, no adverse effects on growth were reported (7, 36-38). Innis et 
al. (5) reported that infants fed preterm formula supplemented with DHA and ARA gained weight 
significantly faster than infants fed a standard unsupplemented preterm formula- Longitudinal 
growth was affected in one study designed to evaluate the neurodevelopmental outcome of 
preterm infants fed preterm formulas with and without DHA and ARA (8). The infants fed DHA 
and ARA supplemented preterm formula were 1.5 cm shorter at 18 months CA than infants fed an 
unsupplemented control preterm formula (8). The supplemented formula was fed for 3-4 weeks, 
compared to 12-14 months in the present study, and contained lower concentrations and different 
ratios of DHA and ARA than the study products used in the present study. Taken together, the 
growth data from this study and from previous reports suggest that preterm and discharge 
formulas supplemented with DHA and ARA support adequate growth of preterm infants. 
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1.11 Tables 



Table 3 - Fatty acid composition of study formulas. Values are mean (g/lOOg) of total fatty acids. 
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TABLE 4 - Characteristics of preterm infants fed formulas with DHA and ARA or 
unsupplemented control formulas. 
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1363 ± 57 


1322 ± 59 


0 495 


;Birth lengthycm . 


39.1 ±0.8 


39.6 ±0.6 


38.3 ±0.6 


0.373 


Birth;headcirct^ 


27.9 ± 0.5 


27.3 ±0.5 


27.4 ±0.4 


0.681 


-Gestational age;;weeks ' 


30.6 ± 0.6 


30.4 ±0.5 


30.0 ±0.5 


0.695 


Postnatal age at study day-1 


5.7 ±0.9 


3.7 ±0.9 


5.5 ±0.9 


0.190 


Ethnicity, %^(n) ■? - * ; 
: White , ; l 
i Non-white ? 


56 (10) 
44(8) 


28(5) 
72 (13) 


33 (7) 
67 (14) 


0.190 


^Gender; %<n) • • - 
Males*, * > ;;. ',. „ : >. 


44(8) 


56(10) 


62 (13) 


0.547 


• Multipleibiith status- % (n^ *" 
Singleton, 
Twin 


72(13)' 
28 (5) 


44(8) b 
56(10) 


81 (17) a 
19(4) 


0.046f 


S Sizeia^birth^% (n) ■ 7« ■ f 

• 4ga. , :. . . 2 ) 

"^-•iSGA-r -■■;■■? -4 


100 (18) 
0 


78 (14) 
22(4) 


91 (19) 
9(2) 


0.093 


Birth weig^t¥3tegory,s; : ; V 
;% (ri| </= 125<fg I : £ 


28(5) 


28(5) 


48 (10) 


0.318 


Ajpgar iat '5 mtoutes?%l(n); . 7 

' >/" T ; '" 


100(17) 


89 (16) 


76(16) 


0.086 


Feeding categoiy^% (n> ?' i 
Exclusive formula .;. v ^ 
• Formula plus human rhilkf ^ 


50(9) 
50(9) 


72(13) 
28(5) 


67 (14) 
33(7) 


0.352 



Data are the mean ± SEM (number of subjects) unless otherwise indicated. 
♦ANOVA or chi-square. 

fDifferent letters in the same row indicate significant pair wise differences among groups 
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TABLE 5 - Weight, length, and head circumference of preterm infants fed formulas with DHA 
and ARA or unsupplemented control formulas. 



■ . ■ . - • - '.J 

4 "■ •- • ". 


7*77, , 


DHAfARA 
[EE], 


^Control 

y. 


WEIGHT (gm) "V 








Study day 1 


1349 ± 76(18) 


1259± 57(18) 


1230 ± 63(21) 


35 weeks GA 


1871*118(17) 


1874± 85(18) 


1916 ± 73(18) 


4(Kweeks GA 


3147± 149(18) 


3136 ± 105(17) 


3280 ± 135(18) 


4 months CA : 


6154 ± 212(16) 


6432 ±217 (14) 


6524 ± 220(14) 


^ 12 monthsjjCAv 


8977 ± 293 (14) 


9505 ± 243(13) 


9343 ±307 (14) 










Study day4 - : c |; rJ; 


39.0 ± 13(7) 


40.9 ± 0.7(8) 


38.2 ± 0.8 (8) 


•; 35; weeks CA ■■ • V. 


42.7 ± 0.7(17) 


42.7 ± 0.5(18) 


42.5 ± 0.5(18) 


40 weS^CA:' : ^^; : f " ■* 


48.2 ± 0.7(18) 


48.1 ± 0.5 (17) 


48.0 ± 0.7(18) 


4 months CA - V ? 1 


60.9 ± 0.6(16) 


62.8 ± 0.7(14) 


61.8 ± 0.7(14) 


*f 12 months CA? ™ f 


75.2 ± 0.9(14) 


76.3 ± 0.8 (13) 


73.9 ± 0.9(14) 


mmrfi. ciRmMFERmem 

^ .i.v--..,;. 








Study dayl \ 

• -v' . r .. . 7- UL 


27.0 ± 0.9 (7) 


28.4 ±0.4(9) 


26.4 ± 0.6 (8) 


: ^35iweefe:iEAT 


30.6 ±0.5 (17) 


30.3 ± 0.4(18) 


30.8 ± 0.2(18) 


40 1 weeks GA * 


34.5 ± 0.5(18) 


35.0 ± 0.3(17) 


35.4 ± 0.3 (18) 


. 4'mbnths'GA - 1 


41.1 ± 0.6(16) 


42.0 ± 0.3(14) 


41.9 ± 0.4(14) 


^l^mc^leyfti -A ^ ^ 


46.0 ± 0.4 (14) 


46.2 ± 0.4(13) 


46.2 ± 0.4 (14) 



Data are reported as the unadjusted mean ± SEM (number of subjects) 



*Differences among groups were determined using repeated measures ANCOVA 
controlling for visit, gender, human milk intake, birth weight, and feeding group-by- 
visitnteractions. No significant feeding group differences (p>0.05) were found. 
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TABLE 6 • Body composition measurements in preterm infants fed formulas with DHA and 
ARA or unsupplemented control formulas at 35 weeks, 40 weeks CA, and 4 and 12 months CA. 





[DHA+ARA 
IFF] 


DHA+ARA 

[EF] 


Control. 

-;- ■ f 
■ .■ ■: 


BONE MINERAL " 
DENSITY (g/crn')*- 








35 weeks GA 


0.145 ± 0.004 (17) 


0.146 ± 0.004(18) 


0.140 ± 0.004(18) 


40 weeks (3A . ^ 


0.170± 0.005(18) 


0.165 ± 0.004(17) 


0.172 ± 0.005(17) \ 


= 4 months ©A * 


0.257 ± 0.006(15) 


0.258 ±0.007 (12) 


0.263 ± 0.008 (12) 


12 months CA ~ 


0.323 ±0.010(12) 


0.324 ± 0.008(11) 


0.333 ±0.009 (10) 


BONE MINERAL l z 








35 weeks ©A 


28.8 ± 1.9(17) 


28.1 ± 1.6(18) 


26.8 ± 1.5(18) 


40 weeks GA 


49.6 ± 3.1 (18) 


46.2 ± 2.3(17) 


49.4 ± 3.2(17) 


-4 months GA, ; / V 


130.5 ± 6.4(15) 


136.4 ± 6.7(12) 


132.2 ± 5.0(12) 


: 42 months CA -ri. 


226.2 ± 10.5(12) 


234.0 ± 7.4(12) 


239.4 ± 10.3(10) 


LEAN BODY MASS (kg) 








35. weeks GA .5 


1.67 ±0.09 (17) 


1.72 ± 0.07(18) 


1.75 ± 0.06(18) 


40 weeksiGA * 


2.63 ± 0.08(18) 


2.66 ± 0.08 (17) 


2.75 ± 0.11 (17) 


; 4 months GA 


4.48 ±0.16(15) 


4.75 ± 0.17 (12) 


4.55 ± 0.18(12) 


12 months CAf 


6.64 ± 0.23* (12) 


7.02 ± 0.20" (12) 


6.63 ± 0.17" (10) 










35" Weeks GA 


0.27 ±0.03 (17) 


0.25 ± 0.03(18) 


0.23 ± 0.02(18) 


40 weeks GA 


0.64 ±0.07 (18) 


0.55 ± 0.04(17) 


0.60 ± 0.05(17) 


b . 4 months GAi* ,r-r 


1.86 ±0.16 (15) 


1.95 ± 0.17(12) 


2.09 ± 0.21 (12) 


12imonthstGAt v •• 


2.39 ±0.18 9 (12) 


2.71 ± 0.18* (12) 


3.26 ± 0.26" (10) 



Data are reported as the unadjusted mean + SEM (number of subjects) 

Differences among groups were determined using repeated measures ANCOVA controlling for 
visit, 
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body weight at study visit, gender, race, human milk intake, and feeding group-by-visit 
interactions. 

* Not Significant * Feeding group-by-visit interaction p<0.03 for Fat Mass and p=0.13 for Lean 
Body Mass. Both results followed up in post-hoc by visit results. 

Different letter superscripts in the same row represent statistically significant differences among 
groups. 

fLean Body Mass (kg) at 12 months, p <0.02; For pairwise comparisons based on adjusted 
means: 

DHA+ARA [FF] vs. DHA+ARA [EF], not significant; 
DHA+ARA [FF] > control, p<0.03; 
DHA+ARA [EF] > control, p<0.01. 
JFat mass (kg) at 12 months, p < 0.01 ; For pairwise comparisons based on adjusted means: 
DHA+ARA [FF] vs. DHA+ARA [EF], not significant; 
DHA+ARA [FF] < control, p<0.01 ; 
DHA+ARA [EF] < control, p<0.02. 

1.12 Conclusion 

No differences in growth or bone mineralization between 35 wks and 12 mo CA were 
found in preterm infants fed an unsupplemented control formula and those fed formulas 
supplemented with 0.16 to 0.26 wt% DHA and 0.41 to 0.43 wt% ARA from combinations of 
either fungal and fish oils, or from egg^derived triglyceride and fish oil. The most significant 
finding was that supplementation with DHA and ARA at the levels studied led to increased lean 
body mass and reduced fat mass at 12 mo CA. 
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WHAT IS CLAIMED IS: 

1 . A method of increasing lean body mass and reducing fat body mass in infants, said method 
comprising feeding the infant a nutritional formula comprising a source of DHA and ARA. 

2. The method of Claim 1 wherein the feeding provides the infant with an average daily intake 
per kg body weight of from about 2 to about 65 mg DHA and from about 2 to about 65 mg ARA. 

3. The method of Claim 1 wherein the feeding provides the infant with an average daily intake 
per kg body weight of from about 3 to about 35 mg DHA and from about 5 to about 50 mg ARA. 

4. The method of Claim 1 wherein the feeding provides the infant with an average daily intake 
per kg body weight of from about 7 to about 26 mg DHA and from about 20 to about 40 mg 
ARA. 

5. The method of Claim 1 wherein the daily feeding is applied to infants that are less than about 1 
year corrected age. 

6. The method of Claim 1, wherein the nutritional formula further comprise protein, lipid and 
carbohydrate. 

7. The method of Claim 2, wherein the notional formula provides a caloric density of from about 
1 9 kcal/fl oz to about 24 kcal/fl oz. 

8. The method of Claim 2, wherein the nutritional formula comprises per each 100 kcal of said 
formula: 

(A) from about 3 grams to about 8 grams of lipid; 

(B) from about 1 gram to about 3.5 grams of protein, and 

(C) from about 8 grams to about 16 grams of carbohydrate. 
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9. The method of Claim 2, wherein the nutritional formula comprises per each 100 kcal of said 
formula: 

(A) from about 4 grams to about 6.6 grams of lipid; 

(B) from about 1 .5 gram to about 3.4 grams of protein, and 

(C) from about 9 grams to about 13 grams of carbohydrate. 

10. The method of Claim 1 wherein the infant is a preterm infant 

1 1 . The method of Claim 1 wherein the infant is a term infant 

12 The method of Claim 1 wherein the nutritional formula comprises up to about 2.0% ARA and 
up to about 1.0 % DHA, each by weight of the total fatty acids in the formula. 

13. The method of Claim 12 wherein the ARA concentration ranges from about 0.2% to about 
0.35% to about 0.5%, by weight of the total fatty acids in the formula. 

14. The method of Claim 12 wherein the DHA concentration ranges from about 0.1% to about 
0.36%, by weight of the total fatty acids in the formula. 



34 



ABSTRACT 



Disclosed is a method of increasing lean body mass and reducing fat body mass in infants, 
said method comprising administration to an infant, term or preterm, a nutritional formula 
comprising a source of DHA and ARA. It has been found that the administration of DHA and 
ARA, or a source thereof, in infants can increase lean body mass and reduce fat body mass, when 
compared to an unsupplemented control formula, without impacting the total overall growth of the 
infant. This method is especially useful in preterm infants. 
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